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This work explores the distribution of various markers expressed by interstitial cells in rat kidneys after ischemic injury (35
minutes)duringregenerationofS3tubulesofouterstripeofoutermedulla(OSOM).Groupsofexperimentalanimals(n = 4)were
sacriﬁcedeverytwohoursduringtheﬁrst24hourspost-ischemiaaswellas2,3,7,14dayspost-ischemia.Theoccurrenceoflineage
markerswasanalyzedonkidneysectionsbyimmunohistochemistryandmorphometryduringtheprocessoftubularregeneration.
In postischemic kidneys, interstitial cell proliferation, assessed by 5-bromo-2 -deoxyuridine (BrdU) and Proliferating Cell Nuclear
Antigen (PCNA) labeling, was prominent in outer medulla and reach a maximum between 24 and 72 hours after reperfusion.
This population was characterized by the coexpression of vimentin and nestin. The density of -Neural Cell Adhesion Molecule
(NCAM) positive interstitial cells increased transiently (18–72 hours) in the vicinity of altered tubules. We have also localized
a small population of α-Smooth Muscle Actin (SMA)-positive cells conﬁned to chronically altered areas and characterized by a
small proliferative index. In conclusion, we observed in the postischemic kidney a marked proliferation of interstitial cells that
underwent transient phenotypical modiﬁcations. These interstitial cells could be implicated in processes leading to renal ﬁbrosis.
1.Introduction
Renal ischemia leads to the development of an acute renal
failure characterized by a massive tubular cell death mainly
aﬀecting S3 segments of proximal tubules in Outer stripe
of outer medulla (OSOM). After a moderate ischemia
(35minutes), renal alterations rapidly elicit a process of
regeneration leading to the restoration of both a normal
tubular architecture and a normal renal function. An exten-
sive literature exists about the cellular mechanisms involved
in tubular regeneration but the source of regenerating
cells remains highly controversial and still needs to be
ﬁrmly established [1, 2]. It is generally accepted that these
regenerating tubular cells derived from surviving resident
cells that dediﬀerentiate and proliferate to restore the normal
architecture and functions of proximal tubules [3]. However,
recent studies dedicated to the study of bone marrow stem
cells (BMSC) have led to a re-evaluation of the process
tubular regeneration [4–6]. These observations suggest that
BMSC could rapidly be mobilized from peripheral blood to
reach the kidney where they would establish, diﬀerentiate,
and participate to tubular regeneration [7]. In support of
this concept, we have found that extrarenal cells could
be involved in postischemic kidney regeneration [8]. In
the present study, we extend our initial ﬁndings by an
immunohistochemical characterization of interstitial cells
during a two week period consecutive to reperfusion.
Current evidence suggests that renal interstitium is not
only a network of connective tissue around tubules but
also represents an essential interface regulating vessels-
tubules interactions. Interstitium plays a pivotal role during
kidney embryogenesis but is also involved in the etiology2 Journal of Biomedicine and Biotechnology
of various renal pathologies [9]. However, the structure
of this interstitial compartment remains largely unknown
since the distinction of the diﬀerent interstitial cell types is
barely possible in the narrow interstitial spaces. In normal
conditions, numerous cell types, such as ﬁbroblasts and
cells of the immune system, coexist in renal interstitium
but they exhibit a large polymorphism depending on their
functional stage or their localization in the kidney [10]. In
these conditions, the absence of precise data on the diﬀerent
cell types in normal kidney complicates the interpretation of
structural observations in diseased kidneys.
Inthepresentstudy,wehaveappliedimmunohistochem-
istry and double label immunoﬂuorescence to determine the
relative distribution of various markers (Table 1) expressed
by renal interstitial cells in parallel to the regenerative
processes consecutive to ischemic tubular injury. The main
objectiveofourstudywastoinvestigatethepotentialinvolve-
ment of these interstitial cells in the mechanisms leading
to the restoration of a normal tubular structure. In this
context, we have selected markers such as structural proteins
known to be critical in the development of normal kidney
or potentially involved in kidney regeneration. The selected
markers were (1) vimentin as a marker of mesenchymal
phenotype and/or dediﬀerentiation of tubular cells [11, 12];
(2) nestin as a marker expressed during kidney development
[13–15], and (3) NCAM as a mesenchymal cell adhesion
marker [3, 16]. The second objective of this work was
to identify by immunohistochemistry the distribution of
interstitial S-phase cells during the two weeks period needed
for complete tubular regeneration.
Morphological observations after immunostaining re-
vealed a consistent spatial organization of interstitial fusi-
form-shaped cells but also changes in the distribution of this
population during the process of renal regeneration. Our
study also revealed that these fusiform interstitial cells were
never observed crossing the basement membrane of regener-
ating tubules. Locally, this cell population seems associated
to ﬁbrosis development around chronically altered tubules.
2.MaterialsandMethods
2.1. Animals and Treatment. All experiments were per-
formed on 2-month old male Wistar rats weighing 200 to
250g. originally obtained from IﬀaC r e d o( B e l g i u m )a n d
bredinouranimalfacility.Theanimalsweremaintained and
treated in compliance with the guidelines speciﬁed by the
Belgian Ministry of Trade and Agriculture (agreement no.
LA1500021).
Each experimental group of rats (n = 4) received
an i.p. injection of BrdU (80mg/kg b.w.) 1 hour prior
to sacriﬁce. Before bilateral renal ischemia, the rats were
anesthetized with an i.p. injection of sodium pentobarbital
(60mg/kg b.w.; Nembutal, CEVA, Brussels, Belgium). After a
midline abdominal incision, the renal arteries and veins were
carefully dissected from surrounding tissues and occluded
by vascular clamps [11]. Ischemia was maintained for
35minutes since preliminary experiments have shown that
such an ischemic period led to the development of an
acute renal failure characterized by massive cell death (90%)
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Figure 1: Density of S-phase fusiform interstitial cells evidenced by
BrdU incorporation in cortex and outer medulla (OSOM, ISOM)
of kidneys from control animals (Ctrl) or from animals sacriﬁced
at increasing times (hours or days) after reperfusion. BrdU was
administered to experimental animals 1hour before sacriﬁce. Each
columncorrespondstothemeannumberoflabelednucleipermm2
(±SD) determined after examination of each region of the kidney
for each experimental group (n = 4) (∗∗P<. 01 versus control).
mainly aﬀe c t i n gS 3t u b u l e s .T h er e n a la l t e r a t i o n sw e r ef o l -
lowed by a process of regeneration leading to the restoration
of tubular epithelium and of normal physiological functions
one week afterreperfusion [17].Therats weresacriﬁcedwith
a lethal injection of sodium pentobarbital every two hours
during the ﬁrst 24 hours post-ischemia as well as 2, 3, 7, 14
days post-ischemia. Four control rats not submitted to renal
ischemia have received BrdU and were sacriﬁced one hour
later.
2.2. Sample Processing for Histology. Immediately after sac-
riﬁce, the kidneys were removed and ﬁxed by immersion
in Duboscq-Brazil ﬂuid or in 4% paraformaldehyde for
48 hours at room temperature. After ﬁxation, the tissue
specimens were dehydrated, embedded in paraﬃn, and
sectionedaccordingtostandardprocedures.Paraﬃnsections
of 4-5μm thickness were obtained on a Reichert Autocut
2040 microtome and placed on silane-coated glass slides.
Sections were stained with PAS, hemalun, and Luxol fast
blue to allow the systemic examination of morphological
alterations.
2.3.ImmunohistochemicalProcedures. ThedetectionofBrdU
incorporatedintoDNAwasperformedaspreviouslydetailed
[8, 11]. Interstitial cells in ischemic kidney were analyzed
for the presence of various markers by using a panel of
primary antibodies (Table 1) chosen for their speciﬁcity
for the target antigen in rat tissues. Paraﬃns e c t i o n sw e r e
immunostained following a slightly modiﬁed version of
the streptavidine-biotin immunoperoxidase method (ABC
method)detailedinpreviouspublications[8,11].Brieﬂy,the
sections were incubated sequentially at room temperature in
the following solutions: (1) primary antiserum at optimal
dilutions (see Table 1) for 1 hour (2) biotinylated swineJournal of Biomedicine and Biotechnology 3
Table 1: Antibodies used for the immunohistochemical characterization of interstitial cells in rat kidney.
Primary antibodies Origin Dilution
AntiBrdU (Bromodeoxyuridine) Mouse monoclonal (Bu20a)
∗—Dako, DK 1:20
AntiPCNA Mouse monoclonal (PC 10)
∗—Dako, DK 1:40
Antivimentin Chicken, polyclonal—Chemicon, USA 1:1000
Antirodent nestin Mouse monoclonal (Rat-401)
∗—Chemicon, USA 1:100
Anti-NCAM (Neural cell adhesion molecule) Rabbit, polyclonal—Chemicon, USA 1:100
Antihuman α-SMA (Smooth muscle actin) Rabbit, polyclonal—Abcam, UK 1:200
∗Antibody-producing clone.
antirabbit IgG, biotinylated goat antimouse IgG (diluted
1:50) or biotinylated goat antichicken IgY (diluted 1:50)
for 30minutes and (3) ABC complexes for 30minutes
Biotinylated goat antichicken antibody came from Vector
Laboratories (Burlingame, USA) while other secondary anti-
bodies and ABC complex came from Dakopatts (Glostrup,
Denmark).Boundperoxidaseactivitywasvisualizedbyincu-
bation with 0.02% 3, 3 -diaminobenzidine—0.01% H2O2
in PBS. The sections were ﬁnally counterstained with PAS,
hemalunandLuxolfastblueandﬁnallymountedinaperma-
nentmedium.Controlsforthespeciﬁcityofimmunolabeling
included the omission of the primary antibody or the
substitution of nonimmune sera for the primary antibodies.
Double-label immunoﬂuorescence were performed fol-
lowing protocols extensively described in a previous publi-
cation [18] and using antisera raised in diﬀerent species to
avoid cross-reactivity between secondary antibodies. Brieﬂy,
the sections were incubated for 1 hour at room temperature
with a mixture of two primary antibodies at the correct
dilution. The sections were then incubated for 30minutes
at room temperature in presence of biotinylated swine
antirabbit IgG antibody and FITC-conjugated goat anti-
mouse IgG antibody (Dakopatts) both at a ﬁnal dilu-
tion of 1:50. Finally, the immunostaining was completed
by incubating for 30minutes at room temperature with
Texasred-conjugatedstreptavidine(VectorLaboratoriesInc.,
Burlingame, Calif, USA) diluted 1:50. After ﬁnal rinses in
distilled water, the sections were mounted in Vectashield
mounting medium (Vector Laboratories, Inc., Burlingame,
Calif, USA). The superimposition of the immunoﬂuores-
cence patterns revealed the respective distribution of both
markers in renal tissue.
2.4. Morphological Analysis. The sections were observed on
a Leitz Orthoplan ﬂuorescence microscope equipped with a
Ploem system for epi-illumination. Pictures were obtained
by a PC-driven digital camera (Leica DC 300F, Leica
Microsystems AG, Heerbrugg, Switzerland). The computer
software (KS 400 imaging system, Carl Zeiss vision,
Hallbergmoos, Germany) allowed the superimposition of
imagestodetectcolocalisationsandwasalsousedtoperform
morphometric analysis.
For each experimental group, we have analyzed the
tissuedistributionofinterstitialcellsimmunolocalizedbythe
diﬀerent primary antibodies tested in our study (Table 1)
using consecutive renal sections for each experimental ani-
mal. To standardize the evaluation procedure, an additional
lens engraved with a 1cm
2 square grid was inserted in
one of the microscope eyepieces. Each paraﬃns e c t i o nw a s
systematically scanned at 400 fold magniﬁcation, the square
grid covering in the ﬁeld an actual area of 0.084mm2, until
a total 10 square ﬁelds were evaluated for each region of the
kidney (Cortex, OSOM, and ISOM). In each ﬁeld and for
each marker, this magniﬁcation allowed (i) the distinction
of positive cellular proﬁles and (ii) the identiﬁcation of
histological structures localized in the immediate vicinity of
positive cells such as type of renal tubules, blood vessels or
areas of interstitial ﬁbrosis. In the present case, however, only
nucleated positive cellular proﬁles were considered. For each
marker, the observations were expressed as the number of
positive cells or positive nuclei (BrdU, PCNA) per square
millimeter in each region of the kidney (cortex, OSOM, and
ISOM).Individualobservationswerepooledforeachmarker
and for each zone of the kidney and presented in histograms
as mean±SD. Results obtained from morphological analysis
for most markers were submitted to analysis of variance
(ANOVA) and a post-hoc Dunnet’s test by comparison to
controls with the limit of signiﬁcance set at P< . 05.
3. Results
The analysis of S-phase cells distribution within kidneys only
revealed dividing S3 tubular cells (Figure 2(c); detailed in 8)
and fusiform interstitial cells (Figure 2(b)). From 20 hours
after reperfusion, the density of S-phase fusiform cells rose
signiﬁcantly in outer medulla to reach maximum values at
1 day both in ISOM (Figure 1) and in OSOM (Figures 1
and 2(b)). After 3 days, the density of dividing interstitial
fusiform cells declined rapidly to resume the appearance of
controls (Figures 1, 2(a) versus 2(d)).
In kidneys from control rats, vimentin immunoreactivity
was observed in interstitium in glomerular podocytes, in
endothelium of peritubular capillaries and vasa recta of
the medulla and in the media of arterioles. In control
animals, tubular cells were generally negative but vimentin
expression was sometimes found focally in cells devoid
of brush border (Figure 5(a)). Within kidney interstitium,
vimentinimmunoreactivitywasdetectedincellsinterspersed
among renal tubules. In controls, vimentin-positive fusiform
interstitial cells were present in the diﬀerent zones of renal
interstitium (Figures 3 and 5(a)). This cell population was
disposed along a gradient (Figure 3) characterized by low4 Journal of Biomedicine and Biotechnology
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Figure 2: Immunohistochemical demonstration of BrdU-containing nuclei of S-phase cells in OSOM of control kidneys (a) or after
reperfusion (b, c, d). S3 tubules of controls are characterized by a very low cell turn-over (a). In contrast cell proliferation increases
dramatically in injured tubules two days after ischemia (c). The density of interstitial BrdU-positive cells is high in the periphery of necrotic
tubules (NT) 1 and 2 days after ischemia (b, c) but appear similar to controls 2 week after ischemia (d). Scale bar. 30μm: (a, b); 25μm: (c,
d).
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Figure 3: Distribution of vimentin immunoreactivity in the renal
interstitium from controls (Ctrl) or from animals sacriﬁced at
increasingtimeintervals(hoursordays)afterreperfusion.Eachcol-
umncorrespondstothemeannumberofvimentinimmunoreactive
fusiform cells (±SD) after examination of cortex and outer medulla
(OSOM, ISOM) for each experimental group (n = 4) (∗∗P<. 01
versus control).
density within cortex (∼35cells/mm2) to higher densities
in OSOM (∼100cells/mm
2) and ISOM (∼250cells/mm
2).
From 20 hours after ischemia, the number of immunoreac-
tive cells raised signiﬁcantly both in OSOM and in ISOM
to reach a maximum value at 3 days (Figures 3; 5(c), 5(e),
and 5(g)). Double label immunoﬂuorescence for vimentin
and PCNA (Figure 8(b)) conﬁrmed that this cell category
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Figure 4: Distribution of nestin immunoreactivity in the renal
interstitium from controls (Ctrl) or from animals sacriﬁced at
increasing time intervals (hours or days) after reperfusion. Each
columncorrespondstothemeannumberofnestinimmunoreactive
fusiform cells (±SD) after examination of cortex and outer medulla
(OSOM, ISOM) for each experimental group (n = 4) (∗∗P<. 01
versus control).
was able to divide within interstitium. At long term (1 and
2 weeks), the density of interstitial fusiform cells expressing
vimentin remained high in OSOM and was preferentially
localized in chronically altered areas characterized by the
presence of residual cystic tubules.Journal of Biomedicine and Biotechnology 5
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Figure 5: Distribution of vimentin-positive cells (left column) and of nestin-positive cells (right column) in the renal interstitium of
control (a, b) or at diﬀerent time intervals after ischemia-reperfusion (c–h). In control (a), vimentin-positive fusiform cells are scarce within
interstitium(arrows)ofOSOM.FocallyinS3tubules,undiﬀerentiatedepithelialcellsdevoidofbrushborder(arrowhead)appearedpositive.
Two and three days after reperfusion (c, e) vimentin-positive fusiform cells are localized around S3 necrotic tubules (NT) in OSOM. At the
same period (2 days—(g)), their density is higher within ISOM. (b) Distribution of nestin positive cells in interstitium of OSOM in a
control animal. Two days after reperfusion (d), nestin-positive fusiform cells form a dense network around necrotic tubules (NT) in OSOM.
Focally, isolated epithelial cells appeared positive in altered tubules (d inset). Later, 7 days after reperfusion (f), positive cells are restricted to
periphery of cystic tubules (CT). In ISOM (h), the density of fusiform positive cells is particularly high 2 days after reperfusion. Scale bar.
18μm: (a, c); 25μm: (d); 30μm :( b ,e ,f ,g ,h ) .6 Journal of Biomedicine and Biotechnology
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Figure 6: Distribution of NCAM immunoreactivity in the renal
interstitium from controls (Ctrl) or from animals sacriﬁced at
increasingtimeintervals(hoursordays)afterreperfusion.Eachcol-
umn corresponds to the mean number of NCAM immunoreactive
fusiform cells (±SD) after examination of cortex and outer medulla
(OSOM, ISOM) for each experimental group (n = 4) (∗P< . 05;
∗∗P<. 01 versus control).
Concomitantly with the distribution of vimentin-
positive interstitial cells, other markers such as nestin and
NCAM were detected in fusiform cells of the peritubular
interstitium. In control kidneys, nestin-positive cells were
scattered among tubules and formed a loose network
of fusiform interstitial cells in renal cortex and medulla
(Figure 5(b)). One day after ischemia, the density of nestin
immunoreactive cells rose abruptly both in OSOM and
ISOM to reach the highest values 2 days after reperfusion
that is 550 and 1100 cells/mm
2, respectively (Figures 4; 5(d),
and 5(h)). Three days after ischemia, the number of nestin-
expressing cells fell rapidly to reach control values (Fig-
ure 4) while vimentin declined more slowly and remained
expressed in interstitial cells of outer medulla after 14 days
(see Figure 3).
However, after 2 weeks, clusters of nestin-positive inter-
stitial cells persisted focally around cystic tubules (Fig-
ure 5(f)). Exceptionally, positive tubular cells were also
disclosed in altered tubules (Figure 5(d) inset). At one or
twodaysafterreperfusion,doublelabelimmunoﬂuorescence
for nestin and vimentin revealed that these two markers
are coexpressed by a majority of fusiform interstitial cells
(Figure 8(a)).
In control kidneys, tubular cells were never positive for
anti-NCAM antibody (Figure 7(a)) although sixteen hours
afterischemia,someisolatedepithelialcellsappearedpositive
in altered tubules of OSOM (Figure 7(c) inset). However,
this pattern appeared transitory since NCAM-positive cells
disappeared totally from tubular epithelium 48 hours after
reperfusion. In kidneys from control rats, NCAM-positive
interstitial cells formed a loose network around tubules but
their density was higher in ISOM than in cortex and OSOM
(Figures 6, 7(a),a n d7(e)). The density of positive cells
in OSOM increased 16 hours after reperfusion mainly in
the vicinity of altered tubules (Figures 6 and 7(c)). Three
days after ischemia, the density of NCAM-positive cells
appeared similar to controls. Within ISOM, positive cells
were restricted to the peritubular interstitium (Figure 7(e))
where their density increased signiﬁcantly 12 hours after
ischemia to remain high during the two following weeks
(Figure 7(g)).
In control kidneys, the immunolabeling with an anti-
α-SMA antibody was limited to the media of arteriolar
vessels (Figure 7(b)) and to the cytoplasm of pericytes
of the ascending vasa recta in the vascular bundles of
ISOM (Figure 7(f)). In the interstitial compartment, the
expressionα-SMAwasneverobservedincontrolsandpoorly
expressed in ischemic kidneys during the two weeks follow-
ing reperfusion. However, at long term, small clusters of
interstitial α-SMA-positive cells were disclosed focally in the
vicinity of necrotic or cystic tubules (Figure 7(d)). Double
label immunoﬂuorescence for α-SMA and nestin revealed
that these two markers were coexpressed only by fusiform
interstitial cells surrounding cystic tubules (Figure 8(c)).
This local expression of α-SMA thus suggests the presence
of myoﬁbroblasts and the beginning of focal processes of
tubulointerstitial ﬁbrosis.
4. Discussion
In a previous study [8], we demonstrated the presence
of extrarenal cells in rat kidney after ischemic injury and
suggested that these immature cells could be able to migrate
from the blood to injured tubules where they actively
proliferate to ﬁnally diﬀerentiate into mature epithelial
cells. We showed that these cells coexpressed CD44 and
vimentin. In the extracellular matrix of OSOM we observed
concomitantly a transitory increase of hyaluronan suggesting
that this molecule could play a pivotal role during the transit
of CD44-positive cells through the interstitial compartment
[19].
In the present study, we have extended our initial
observations by an immunohistochemical characterization
of fusiform shaped cells of renal interstitium. Indeed, in
this compartment we detected two diﬀerent cell categories:
migrating round cells already described in a previous
work [8] and fusiform-shaped cells that remained to be
c h a r a c t e r i z e d .I nt h i sc o n t e x t ,w eu s e dv a r i o u sm a r k e r ss u c h
asvimentin,NCAM,nestinorα-SMAknowntobeexpressed
in kidney interstitium during episodes of renal regeneration.
The analysis of S-phase cells (BrdU 1 hour before
sacriﬁce) revealed that the density of S-phase fusiform cells
rose transiently (from 20 hours to 2 days) in outer medulla
toresumetheappearanceofcontrols3daysafterreperfusion.
During this short period of time, it is worth noting that
this analysis only revealed dividing fusiform interstitial cells
conﬁrmingthatextrarenalroundstemcellsinvolvedintubu-
lar regeneration remain quiescent during their migration
through interstitium. It is interesting to note that these
round cells became PCNA positive only after implantation
within altered proximal tubules (see Figure 2(c)). AltogetherJournal of Biomedicine and Biotechnology 7
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Figure 7: Distribution of NCAM-positive cells (left column) and of α-SMA-positive cells (right column) in the renal interstitium of control
( a ,b ,e ,f )o ra td i ﬀerent time intervals after ischemia-reperfusion (c, d, g, h). In control, NCAM-positive interstitial cells formed a loose
network around cortical tubules (a) but with a higher density in ISOM (e). The density of positive cells in OSOM increased 16 hours after
reperfusion mainly in the vicinity of altered tubules (c). Sometimes isolated epithelial cells appeared positive in altered tubules of OSOM (c
inset). Within ISOM, the density of positive cells increased 12 hours after ischemia and remains high during the two following weeks (g). In
control kidneys, the immunolabeling with an anti-α-SMA antibody was limited to the media of arteriolar vessels (b) and to pericytes of the
ascending vasa recta in the vascular bundles of ISOM (f). Two weeks after reperfusion, α-SMA immunoreactivity is present in ﬂattened cells
surrounding precystic tubules (d) while ISOM remained similar to controls (h). Scale bar. 30μm: (a–h).8 Journal of Biomedicine and Biotechnology
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Figure 8: (a) Double label immunoﬂuorescence for nestin (green)
and vimentin (red) in an ischemic kidney two days after reper-
fusion. Interstitial cells coexpressing both markers appear yellow
(arrows). (b) Double immunostaining for vimentin (red) and
PCNA nuclei (green) two days after reperfusion. PCNA-positive
nuclei were observed in interstitial fusiform vimentin-positive
cells. (c) Double label immunoﬂuorescence for α-SMA (red) and
nestin (green) in ischemic kidney one week after reperfusion. Most
of interstitial cells surrounding cystic tubules coexpressed both
markers (yellow). Scale bar. 18μm :( a ,b ,c ) .
these data suggest that we have disclosed two diﬀerent
cell populations within outer medulla: a population of
migrating cells only involved in tubular regeneration and
a population of resident fusiform cells conﬁned to the
interstitial compartment.
The density of nestin-positive cells follows a time course
similar to the pattern of cell proliferation, the highest
densities of positive cells being observed at day 2 just before
a rapid return to control values. Expression of nestin was
thus transiently increased during the phase of interstitial
repopulation, a transient expression already observed in a
model of mesangial cell injury in the rat kidney [20]. Using
this model, it was demonstrated that during the cell cycle,
high nestin levels were associated to S-and G2-phase and
that the blocking of nestin using speciﬁc siRNA resulted in
inhibitionofcellproliferation.Altogether,theseobservations
suggest a supporting role for nestin during cell proliferation
associated to repair reactions [20, 21].
As for nestin, the distribution of NCAM-positive inter-
stitial cells follows a time course grossly similar to the
pattern of cell proliferation although of lower densities
within OSOM. NCAM is widely expressed in the central
nervous system yet it is also expressed in nonneural tissues in
which previous studies have demonstrated interplay between
NCAM and ﬁbroblast growth factor receptor (FGFR). These
ﬁndings suggest that NCAM is a regulator of FGF-FGFR
interaction and that NCAM expression could reduce FGF-
induced proliferation of ﬁbroblasts [22, 23]. In the kidney,
the interaction NCAM-FGFR could thus be a regulating
mechanism of ﬁbrogenesis since bFGF is one of the main
factors contributing to ﬁbroblast proliferation [24]. In our
study, these data could suggest that the expression of NCAM
leads to a limited development of ﬁbrosis, at least around
regenerating S3 tubules.
In ISOM the density of cells expressing nestin, NCAM
a n dv i m e n t i na p p e a r e dh i g h e rt h a ni nO S O Mb u ta l w a y si n
the absence of tubular necrosis. This could be considered as a
consequenceofischemia-inducedhypoxia[25]sincehypoxia
can trigger the expression of various genes through increased
expression of hypoxia-inducible transcription factors (HIF)
both in tubular and interstitial cells [26]. As for OSOM,
the important expression of NCAM could also be a limiting
factor of ﬁbrosis in this interterstitial compartment.
Nestin was never observed in diﬀerentiated tubules [8,
15] but could be expressed focally by immature tubular
epithelial cells [27]. Moreover tubular nestin expression
is concomitant with interstitial nestin expression and all
nestin-positive tubular cells costained with vimentin, a mes-
enchymal marker [28]. Similarly, NCAM-positive cells were
also disclosed in altered tubules of OSOM an observation
which is consistent with previously published observations
[3, 16, 29]. Altogether these observations suggest that the
nestin-, NCAM-positive tubular cells could be close to a
mesenchymal phenotype. It is tempting to speculate that
these cells could be involved in the process of epithelial-
mesenchymal transition (EMT) leading to the accumulation
of myoﬁbroblasts within interstitium [30, 31]. In our study,
such an accumulation of myoﬁbroblasts was only observed
in focal area of chronic injury. Again the coexpression
of markers such vimentin, α-SMA, NCAM, and nestin
suggest that these cells could be a subset of mesenchymal
stem cells [32]. Interestingly, not all α-SMA-positive cells
appeared positive for nestin suggesting the coexistence of
two populations of myoﬁbroblasts [27, 28]. In contrast,
our observations rather suggest the existence of a single
population of myoﬁbroblasts in which nestin and NCAM,
are expressed transiently.
The enhancement of peripheral blood stem cells avail-
ability by stimulating factors does not alter the course of
renal ﬁbrosis [33]. This is consistent with our previous
observations suggesting that extrarenal stem cells contribute
only to tubular regeneration [8] while fusiform interstitialJournal of Biomedicine and Biotechnology 9
cells seem not involved in this process. However we cannot
exclude a participation of these fusiformcellsto the synthesis
and deposition of matrix components such as hyaluronan
which seems to be involved in the migration of extrarenal
cells across the interstitial compartment [8, 19].
To conclude, our observations suggest that interstitial
fusiform cells of the outer medulla, in response to ischemia,
exhibited transient phenotypical changes and seem to
evolve independently of tubular regeneration. However, at
long-term after ischemia, the expression of nestin, vimentin,
and NCAM was consistently observed in interstitial cells
localized in the vicinity of chronically altered S3 tubules, a
distribution that could eventually lead to ﬁbrosis in these
ill-repaired areas.
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